Most studies investigating hippocampal-dependent learning and memory in mouse models of disease use the standard version of the Morris water task (MWT), in which a place is learned over several days. While useful in determining if there are learning and memory deficits, often it is not clear if memory acquisition, consolidation, or retrieval is affected. For rats, we developed a variant of the task in which we added a single-massed training session to a new location after the standard distributed version of the MWT. Using this version of the task, competition between these two spatial representations can then be assessed in a probe trial. We have found in rat models of Alzheimer's disease that this paradigm can detect subtle impairments that are often missed in the standard version of the MWT. To the best of our knowledge, MWT paradigm with a single-massed training session have never been used for mice. We sought to validate this paradigm for the use of assessing mouse models of disease. In the first two experiments, control mice did not have a preference for the new platform location, but instead with extensive training in the massed session displayed a preference for both the old and new locations. In the third experiment, a novel mouse model of Alzheimer's disease was impaired in the standard version of the MWT, but not in the massed training phase of this paradigm. Importantly, these data demonstrate that our paradigm is more informative in characterizing spatial learning and memory in mouse models of disease.
| INTRODUCTION
When considering cognitive impairments elicited in animal models of disease states, it is general practice to only consider general processes that might be impacted. For example, different types of memory such as procedural and episodic are tested and then the brain areas thought to mediate these tasks are assessed. However, subtleties specific to one type of memory might be missed (Gidyk, Deibel, Hong, & McDonald, 2015) . Unfortunately, most of the gold-standard tasks used to measure memory in animal models are not sensitive enough to assess what aspect of the memory (acquisition, consolidation, and retrieval) being tested is impaired, or allow detection of subtle deficits due to partial impairment of a distributed learning and memory system like the hippocampus (Gidyk et al., 2015 ).
The Morris water task is perhaps the most utilized behavioral assessment of learning and memory in disease models (McDonald, Hong, & Devan, 2004) . The spatial version of the Morris water task assesses rodents' ability to form and then flexibly use spatial representations for navigation to a hidden platform (D'Hooge & De Deyn, 2001 ; Morris, 1981 Morris, , 1984 Sutherland & Dyck, 1984; Valentinuzzi, Menna-Barreto, & Xavier, 2004; Vorhees & Williams, 2006) . In the acquisition phase of the standard version, animals are trained daily with multiple trials (minimum: 4; maximum: 8) a day for several days (minimum: 4; maximum: 8; D'Hooge & De Deyn, 2001; McDonald et al., 2004; Morris, 1981 Morris, , 1984 Sutherland & Dyck, 1984; Vorhees & Williams, 2006) . Following the acquisition, to assess memory retention the animals are typically given a single probe trial lasting 30 or 60 s without the platform present (D'Hooge & De Deyn, 2001; Vorhees & Williams, 2006) . In a lot of studies, this is the extent of the assessment and the task stops here. This protocol will determine if there are extensive learning and/or memory impairments. However, this is a coarse assessment that could fail to detect finer impairments. These impairments can fall into two broad categories. First, there is the idea of subtle impairments that might be due to incomplete dysfunction of a distributed system like the hippocampus (discussed fully in, Gidyk et al., 2015) . Second, with the gold-standard tasks, it is often difficult to tell if the impairment is due to failure to acquire, consolidate, or retrieve the information. For example, if a disease model demonstrates impaired learning in this task it is impossible to tell if a short-term memory impairment is preventing acquisition or if they are acquiring the information but are then not able to consolidate or retrieve it in the subsequent day of testing. Conversely, if an animal acquires this version it is often concluded that learning and memory are normal, and the investigation stops there. However, it is possible for animals to learn information presented over several days just fine, but fail to learn that information when presented all at once in a single training session (Gidyk et al., 2015) .
As discussed in Gidyk et al. (2015) , our lab has developed variations of the gold-standard tasks used to assess hippocampal functioning. These gold-standard hippocampal tasks included the standard spatial version of the water task, the spatial version of the 8-arm radial maze, and nondiscriminative fear conditioning to context. For the Morris water task, we have developed a three-phase protocol (McDonald et al., 2005) . In the first phase, the animals receive standard distributed spatial Morris water task (MWT) training as described above and a single probe trial 24 hr after the last day of acquisition training. In phase two, the animals receive a single-massed training session in the same apparatus and context. Phase three consists of a probe trial to assess the competition between the original location acquired during distributed training and the new location acquired during the single-massed training session. This task is advantageous for several reasons. First, distributed training also serves as pre-training so subsequent performance during massed training will be free from any procedural confounds that might affect performance. Second, it involves both distributed and massed training components, which is ideal because these types of training appear to enlist different hippocampal sub-circuits. Distributed training seems to primarily rely on the dorsal hippocampus (Moser et al., 1995) , whereas massed training relies on both ventral and dorsal hippocampus (Ferbinteanu, Ray, & McDonald, 2003) . Not surprisingly, locations learned during a massed training session are much harder to retain and thus are more transient than those acquired during distributed training (Bolding & Rudy, 2006; Deibel & Skinner, 2014) . Finally, this paradigm offers a unique opportunity to assess competition between two spatial representations acquired in the same context and apparatus.
For these reasons, we have used this protocol to assess learning and memory in various experimental models, including alternative rat models of sporadic Alzheimer's disease (AD; for review see, Gidyk et al., 2015) . Control rats are able to learn and retain the new location acquired during the massed training session, whereas rats given AD risk factors such as stroke, cholinergic depletion, or circadian rhythm disruption are typically not able to (Craig, Hong, Kopp, & McDonald, 2008a , 2008b , 2009a , 2009b McDonald et al., 2005; McDonald, Craig, & Hong, 2008) . McDonald et al. (2008) demonstrated the power of this paradigm by finding that rats exposed to acute stress and hippocampal ministrokes were able to learn the standard distributed version of the MWT but were impaired in acquiring the new location during the massed training session. In a competition test, these animals showed a preference for the original platform location acquired during distributed training, whereas the control animals had a preference for the new massed training location (McDonald et al., 2008) . It should be noted that this paradigm can also determine if an impairment in the distributed version is indicative of an actual spatial learning impairment. Rats exposed to cholinergic depletions and amyloid beta were impaired at the beginning of distributed training, but not in learning the new spatial location during the massed training session (Deibel et al., 2016) . This suggests that the initial impairment was not due to impaired spatial learning, but rather some other factor, such as altered stress response.
Essentially, our three-phase paradigm involves learning and then reversal learning. This is not new and has been studied extensively in mice by Lipp and Wolfer, who have used a learning followed by reversal paradigm to assess cognition in~200 murine strains (for review see . They stated that the demands of distributed and reversal training are different. During distributed training, the animals must suppress species-typical behaviors that are elicited by a stressful new situation (Wolfer, Mohajeri, Lipp, & Schachner, 1998) .
Whereas, during reversal training, the problem is interference between old and new spatial memories (Wolfer, Mohajeri, et al., 1998) .
However, Lipp and Wolfer never conducted the reversal training in 1 day and to the best of our knowledge, a similar learning followed by reversal paradigm to ours has only been done once in rats (Morris & Doyle, 1985) . As discussed above, in addition to being quick to deploy, we feel that conducting massed training in a single session is more sensitive measure as it taxes the hippocampus to rapidly form a novel competing for spatial representation. In the present study, we seek to demonstrate that this protocol is an effective paradigm to assess spatial learning and memory in mouse models of disease.
| METHODS

| Experiment 1
First, we wanted to demonstrate that normal C57 mice are able to acquire and retain the new platform location acquired in the single session of massed training. We started with a very similar protocol to that which we used for rats (McDonald et al., 2005) . The only differences were that the distributed training consisted of four trials a day for 8 days instead of eight trials a day for 4 days, and the massed training session consisted of 20 trials instead of 16. These alterations were made based on pilot studies using C57 mice.
| Animals
Eight male C57BL (4-6 months old) were used in Experiment 1. All animals were group-housed (4 per cage) and had food and water ad libitum. They were also maintained on a 12:12 light/dark cycle. Moreover, mice were individually handled each day (~2-3 min) for 1 week before any experimental manipulation. All testing and training were performed during the light phase of the cycle at the same time of day.
This and all subsequent experimental procedures were approved by the University of Lethbridge Animal Care Committee in compliance with the standards set out by the Canadian Council for Animal Care.
| Apparatus
For the MWT, a pool with a diameter of 154 cm and a height of 48 cm was filled to within 20 cm of the top of the pool with water (22 AE 1 C) that was rendered opaque by nontoxic tempera white paint. The pool was located in a room rich with distinct distal cues, which remained unobstructed throughout the duration of the experiment. A circular escape platform (12 cm radius) was submerged 0.5-1 cm below the water surface.
| Procedure
Distributed training
Mice received four training trials each day for 8 days with an intertrial interval of~20 min. During each trial, mice were placed into the pool; facing the wall, in one of the four start locations (North, South, East, and West). Start locations were determined in a pseudo-random order. The trial was completed once the mouse found the platform or 60 s had elapsed. If the mouse failed to find the platform on a given trial, the experimenter guided the mouse onto the platform. The platform was located in the south-east quadrant. To assess spatial memory on day nine, the mice received a 60-s probe trial in which the platform was removed. The mice were released from the north side of the pool.
Massed training to a new location
After the probe trial on day nine, the mice received a single-massed 
| Data analysis
Dependent measures
For the acquisition of both platform locations used in distributed and massed training, respectively, path length and corridor measurements were presented. Both latency and path length measure the animal's ability to find the platform and as such are not independent measures. As path length is independent of the variance in swim speed, we have chosen to only report path length to the platform. We also have chosen to report the percentage of the path that falls into a 10 cm corridor running directly from the start location to the platform. The corridor measurement gives some insight into whether or not the mice are using a spatial strategy, that is, the most direct path to the platform. For performance in the probe trial, the percentage of time in each quadrant was collected for the first 30 s and the full 60 s probe trial. All measures were recorded and analyzed by an image-computerized tracking system (HVS Image 2020, UK).
For the massed training acquisition, we also report the percentage of time spent in the old and new target quadrants across training blocks. 
| Statistics
| Experiment 2
Thirteen male C57BL mice (4-6 months old) were used. Housing conditions were as above. All aspects of the protocol were the same as Experiment 1 except for two changes: (a) the mice were given 32 trials in the massed training session instead of 20. (b) As extra trials were used in the massed training session, to prevent decay of the originally trained platform location eight additional training trials were given to this location after the distributed training probe trial was given (data not shown). All aspects of data analysis were the same as above, except that the ANOVAs for the massed training session now contained eight session blocks instead of five.
| Experiment 3
Eight, 9-month-old male AppNL-G-F/NL-G-F mice were used. The male and female pairs of AD transgenic mice carrying Swedish (NL), Arctic (G), and Beyreuther/Iberian (F) mutations were provided by RIKEN Brain Science Institute, Japan (Saito et al., 2014) . Then, a colony of these mice was maintained at the Canadian Center for Behavioural Neuroscience. Genotyping of all mice was done by PCR using tail snipping method.
Housing conditions were the same as in the previous two experiments. All aspects of the procedure and data analysis were the same as in Experiment 2. 
| Massed training
The animals acquired the new platform location in massed training as path length significantly decreased across training blocks (Figure 2a As expected, path length significantly decreased across the massed training session, which suggests that learning of the new platform location occurred. However, unexpectedly, the mice had a preference for the original platform location learned during distributed training and not the new platform location learned during the massed training session. This is in contrast to rats which show a preference for the new platform location with a similar number of trials in the massed training session. This suggests there might not have been sufficient learning of the new platform representation to control behavior when the old platform location was also available. This is in line with the finding that the animals preferred the old platform location during session one and only the new platform location in the last session.
| Experiment 2
As in the aim of Experiment 1, we still seek to demonstrate that normal C57 mice are able to acquire and retain the new platform location 
| Massed training
The animals acquired the new platform location during massed training as path length decreased across Block (Figure 4a 
| Experiment 3
Having characterized the behavior of normal C57 mice in this paradigm, our next goal was to demonstrate that this paradigm could better elucidate spatial behavior in mouse models of disease. We subjected a new knock-in mouse model of the AD to the exact same protocol as that used in Experiment 2.
| Distributed training
The AD mice did neither show any evidence of acquiring the platform location during acquisition training (Figure 5a,d ) nor did the percentage of the path within the corridor increase during acquisition training (Figure 5b,d ). In the probe trial, the mice did not show a preference for the target location (Figure 5c,d ).
| Massed training
In massed training to a new location, path length significantly decreased across training blocks (Figure 6a,d; F (a) the learning deficit in the standard distributed version appeared to be due to a failure to acquire the information that can be alleviated with more trials in a session. (b) With more training trials in a session, the mice were able to acquire and retain this information in a probe trial 24 hr later. (c) Memory retention suggests that memory consolidation and retrieval are intact in these AD mice at the age of 9 months. These data speak to the utility of this paradigm to better characterize the nature of a spatial learning/memory deficit.
| GENERAL DISCUSSION
4.1 | Normal C57 mice prefer both target locations Using 16 trials in the massed training phase of this protocol, we have demonstrated in the past that control rats are able to acquire the new platform location and demonstrate a preference for it in a competition test (McDonald et al., 2005 (McDonald et al., , 2008 . Conversely, in the present study, normal C57 mice only had a preference for the new platform quadrant in the last four trials of 20 massed trials and thus had a preference for the original platform location in the subsequent competition test.
Increasing the number of trials in the massed training session to The only difference was that training ended in Experiment 1 after block five, so there was not sufficient training to overcome the bias for the old platform location. Although rats do have a strong initial preference for the new target location (McDonald et al., 2005 (McDonald et al., , 2008 , it is important to note that in later time segments of the competition test (McDonald et al., 2005) , or in additional probe trials (Morris & Doyle, 1985) , rats also have a preference for the original location.
One might argue that in Experiment 2, the mice did not learn the new location during the massed training session even with 32 trials.
The decreased path lengths during massed training acquisition and a preference for the new rather than old target location in the last half of massed training indicate that learning did occur. Nonetheless, one could still argue that it might not have been sufficient to guide reference memory in the competition test the next day. Fortuitously, the data from the AD mice in this study soundly refute this. Despite not being able to learn the distributed version of the MWT, with the extensive number of trials in the massed training session these mice were able to acquire and demonstrate a preference for the new location in the competition test. These data suggest that without a conflicting spatial representation in the same context, the massed training session is sufficient to guide reference memory, in AD mice no less.
As a whole, these data from all three of the experiments in the present study suggest that the saliency of the original spatial representation is stronger in mice than in rats. In the massed training session, a slower learning rate and/or a slower extinguishing rate of the previously learned location could account for this. Lipp and Wolfer have extensively demonstrated in many publications that after learning a spatial location over 3 days, wild-type mice perseverate at the start of the first reversal session to a new location, before rapidly finding the new target platform later in that session and a session the following day Tremml, Lipp, Müller, Ricceri, & Wolfer, 1998; Wolfer, Stagljar-Bozicevic, Errington, & Lipp, 1998) .
Unfortunately, we are unaware of any mouse studies that conduct reversal learning in the MWT in a single-massed session.
| AppNL-G-F/NL-G-F mice can acquire a spatial location with extensive training in one session
This AD model utilizes a novel knock-in approach to elevate amyloid beta, which differs from the widely used transgenic models that overexpress amyloid beta and all other amyloid precursor protein fragments (Gidyk et al., 2015; Masuda et al., 2016 ; Saito et al., 2014) . The overexpression of all amyloid precursor proteins creates an artificial phenotype that is not representative of human AD pathology (Gidyk et al., 2015; Masuda et al., 2016; Saito et al., 2014) . AppNL-G-F/NL-G-F mice develop amyloid plaques at 6 months of age and have behavioral deficits in flexibility, attention, and spatial learning (Masuda et al., 2016; Saito et al., 2014) . However, these mice have yet to be characterized in any of the gold-standard measures of hippocampal function.
Based on the fact that there are amyloid plaques at 6 months of age, our finding that they are impaired in learning a spatial location in the distributed standard version of the MWT was expected. However, it was not expected for these animals to be able to learn a spatial location in a single-massed training session. These data suggest that these mice just need more time to acquire information, as acquisition, consolidation, and retrieval were intact with extensive training. These data highlight the value of the massed training session because if we had used the standard multiday reversal protocol, it is likely that the mice would have been impaired as they were with our distributed multiday training.
While other reports on learning and memory in these mice are scarce, they were impaired in the reversal of a spatial task conducted in the open-field (Masuda et al., 2016) . However, 18 months old mice that had two of the three knock-ins (AppNL-F/NL-F) used here, were able to learn the standard distributed version of the MWT (Saito et al., 2014) . It remains to be seen how these mice would have performed in a massed training session.
It should be noted that this study sought to demonstrate the utility of this paradigm to assess memory in disease mouse models rather than characterizing spatial memory in this particular AD mouse. Thus, we have not included swim speed, visual platform data, or strategy selection. These issues will be addressed in subsequent publications.
While the massed training data, largely rule out the likelihood that there were any procedural confounds that might affect performance such as a motor, or vision issues, it is possible that these mice were using a nonspatial strategy to learn the task that was facilitated by extensive training.
The hippocampus could be completely dysfunctional in these AD mice and they exhibit mass training place learning abilities using a different strategy mediated by nonhippocampal circuits. This idea emerged from a series of studies (Whishaw, Cassel, & Jarrard, 1995; Whishaw & Jarrard, 1996) showing that rats with damage to the hippocampus did show a "place response" invariants of the Morris water task (MWT), however, it is unclear whether animals used the relations among cues in the testing room as part of a spatial representation or some other combination of guidance and praxis information to compensate for a lack of true allocentric spatial knowledge of the escape platform location. The rats with hippocampal damage in these studies showed enduring impairments on many of the traditional measures of place navigation even when overtrained, under constrained training conditions (McDonald & Hong, 2000) . We believe that although these experiments do show that rats with hippocampal damage can perform what appears to be a place response, the behavior is quantitatively and qualitatively different from that exhibited by normal rats on the standard place task. Previously, we have argued that, when an animal is trained on a spatial task, various representations could be acquired, stored and expressed via different neural systems that support some form of a place response (McDonald et al., 2004; McDonald & Hong, 2000; McDonald & White, 1994) .
Nonetheless, our interpretation of the ability of the AD mice to learn to navigate accurately to a new platform position, when withinsession mass training was employed, is that residual hippocampal function remains in these animals. This residual capacity would be sufficient to support place learning but only when mass training procedures are used because there is significant prior experience with the task procedures and training context. There are at least three reasons why we think that the spatial learning ability in the AD mice is mediated by residual hippocampal function. First, since many of these traditional measures of place navigation (path length, deviation from path corridor, quadrant preference) were normal in the AD mice on the massed training day we feel it is unlikely that they were using nonhippocampal strategies to find the hidden platform as this type of spatial precision requires hippocampal contributions (McDonald et al., 2004) .
Second, among the many clever design features of the MWT one in particular makes it difficult for the subjects to use a praxis or guidance strategy. This important design feature is the use of different start positions that are located at the four cardinal compass points (N, S, E, and W). Because the starting positions are pseudo-randomly selected for each swim, it is difficult for subjects to navigate based on a simple turning response or guidance strategy such as approaching a prominent distal cue. For these reasons, we think it is reasonable to believe that the ability of the AD mice in the present study to show accurate place learning during massed training conditions is mediated by residual hippocampal function.
| CONCLUSIONS
The MWT is a behavioral task originally developed for the rodent that has shown amazing utility and reliability in the field of systems neuroscience and it has been absolutely integral in characterizing the mechanisms of memory and memory in many disease states. However, there are some applications, such as the assessment of disease states, in which the nature of the impairment needs to be investigated further. Our paradigm is very powerful because it provides two competing assessments of spatial memory that appear to involve different hippocampal sub-circuits. This paradigm can detect subtle deficits in spatial learning that can be washed out in the standard version. Or as in the AD mice in the present study, impairments in the standard version might be absolved with extensive training in the massed training session.
Our paradigm has several other practical advantages. First, as our paradigm utilizes two different memory assessments, most questions can be answered without a control group. For example, as we have demonstrated in the present paper a control group is not necessarily needed to conclude if animals are impaired in the distributed version of the water task as decreased path length and a preference in the probe trial can be used. However, a problem lies in the fact that the impairment could be due to other factors like swim speed etc., and these confounding variables could be identified with a control group.
The beauty of our three-phase paradigm is that as we include two spatial memory assessments, confounding variables can often be dismissed if as above the animals can acquire one of the two spatial memory assessments.
Another advantage of our protocol is that as presented here it took only 10 consecutive days to complete. Many researchers employ a wide variety of tests to determine if working memory, attention, vision etc. are impacted in their mouse model. While effective, this is typically a very timely and costly practice as it involves preexposure, training, and testing in a wide variety of tasks. With the addition of 1 day of visual platform testing, strategy analysis, and analysis of swim speed, most of these measures could be gleaned from our paradigm in one apparatus no less. We hope that this article serves as motivation to look outside of the box when it comes to the standard ways to assess hippocampal-dependent memory.
